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1. Introduction
  Bone marrow stromal cells (BMSCs), also known as 
mesenchymal stem cells (MSCs), which is a class of 
non-hematopoietic stem cell in bone marrow and have 
important functions of body development and growth. Due 
to different stimulation signals, it can self-differentiate 
into various tissues,thus can provide source of seed cells 
for the treatment of many diseases, and it has wide clinical 
prospect[1]. It is found that BMSCs can differentiate into 
osteoblasts in vitro experiments and form typical calcified 
nodules. In addition, BMSCs can maintain a strong 
proliferative capacity after several passages. Therefore, 
BMSCs are very suitable as seed cells for bone tissue 
engineering. But BMSCs can start different expressions 
of genes associated with differentiation. The application 
of gene expression profiling technology can be used to 
further study the gene-gene interaction[2]. This experiment 
firstly use cDNA microarry to analyze the changes of gene 
expression in vitro, thus provide new ideas for a variety of 
gene expression in the process of cell differentiation and 
look for the theoretical basis to select the cells and build 
tissue cells which can meet the clinical needs in the gene 
level.
2. Materials and Methods
2.1. Animals
  One month old SD rats were provided by Shandong Medical 
Experimental Animal Center.DMEM liquid medium, Trizol 
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Reagent were purchased from Gibco; fetal bovine serum was 
purchased from Hangzhou Si jiqin Company; Oligotex mRNA 
Mini Kit was purchased from Qiagen Company; M-MLV 
reverse transcriptase, M-MLV 5伊Buffer, Rnase Inhibitor, 
Random Primer (8 bases), dNTP (dATP-) and dATP were 
purchased from Promega; (毩-33P) dATP was purchased 
from Amersham company; AtalsTM Rat 1.2 Arra栻 was 
purchased from Clontech company; DEPC was purchased 
from MERCK company; SDS was purchased from BioRad; 
isopropyl alcohol, chloroform, ethanol, sodium chloride 
and other reagents were of reagent grade. Galaxy R dioxide 
incubator (UK RS Biotech), IX71 inverted microscope (Japan 
Olympus), SORVALL RC 5C Plus low-speed centrifuge (USA 
DuPont), -80 ultra-low temperature refrigerator (Japan 
SANYO), high-speed desktop centrifuge (Shanghai Medical 
analyze Instrument), FLA-3000A Plate / Fluorescent Image 
Analyzer (Japan Fuji Photo Film), Array guage image analysis 
software (Japan Fuji Photo Film), hybridization oven and 
hybridization tube (UK Hybaid), TU-1810 spectrophotometer 
( Beijing Purkinje General Instrument Co., Ltd), gel imager 
(USA BioRad), electrophoresis tank and electrophoresis ( 
Beijing Liuyi Instrument Factory) and so on.
2.2. Methods
2.2.1. Bone marrow stromal cells in vitro
  SD rats were sacrificed, bilateral tibia and femur marrow 
cavity were exposed under aseptic condition. Marrow cavity 
was washed in 5 mL DMEM medium (15% fetal bovine serum, 
100 U/mL penicillin, 100 毺g/mL streptomycin), the cell 
suspension was collected and washed twice after 1 000 rpm 
centrifuge for 5 min. Then the supernatants were removed. 
DMEM culture medium was added into cell suspension, 
and inoculated into 50 cm2 plastic tissue culture flasks. 
The medium was changed every 3 d. When cell confluence 
was 80%, they were sub-cultured by proportion 1:3 with the 
digestion of 0.25% trypsin and 0.02% EDTA.
2.2.2. Differentiation.
  The first generation cells (P1) were subcultured until the 
cells were covered the bottom, the sub-culture cells were 
divided into two groups: one group with DMEM culture 
medium; another group with induction medium (DMEM 
medium supplemented with dexamethasone 10-8 mol/L, 毬
-glycerophosphate 10 mmol/L, vitamin C 50 mg/L). Cells 
of two groups were synchronizing cultured, medium was 
changed every 2-3 d. Cells of two groups were cultured 
continuously for several generations, in which the primary 
cells were called P0 Cells, DMEM medium passage cells 
were called P1, P2, P3 ... cells, the induction medium 
passaged cells were called A2, A3 ... cells.
2.2.3. Morphological study of cells
  Daily of the growth, proliferation and morphological 
characteristics of the cells in two groups were observed 
under inverted phase contrast microscope and photographed. 
The subculture cells were washed with PBS and fixed in 
formalin. After HE staining, they were observed under light 
microscope and photographed. A2 cells were removed out of 
the induction medium after 12 d. The growth in the A2 Cells 
culture medium induced around 12 d out. After fixation 
and alizarin red staining, they were observed under light 
microscope and photographed.
2.2.4. Detection of gene expression and the treatment of gene 
expression profile hybridization.
  P0, P2, P3 cells were taken to induce cultured A2 cells. 
The total RNA were extracted from cells by Trizol Reagent 
cell lysis and reverse transcribed to synthesize cDNA 
follow the introduction. cDNA was amplified by PCR and 
the PCR product was purified. The amplified product was 
dissolved and soaked with nylon membrane, placed into the 
hybridization oven and hybrid membranes were prepared. 
Membrane residual counts were measured, pressure 
phosphor screen time was determined according to counts. 
The gray value was scanned and analyzed with FLA-3000A 
Plate/Fluorescent Image Analyzer. The gray value of the 
background area (gray value of negative control point) was 
subtracted from gray value of each point as the hybridization 
signal intensity of that point. Each gene expression signal 
values more than 2 (about twice the average background 
value) was considered to be valid signal value. In this 
experiment, the expression of the difference value greater 
than 3 or less than 1/3 was considered to be upward or 
downward changes of the gene expression. If there was 
one invalid value of two expression signal values, it was 
considered as null or 0.
2.2.5. Statistical analysis 
  Scatter diagram was used for gene expression signal values 
of each group. They were analyzed Microsoft Excel and made 
Pearson correlation analysis (毭
2
).
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3. Results
3.1. Morphological result
  Primary cultured cells were seeded for 1 h, there were 
a lot of hematopoietic stem cells (HSCs) and all blood 
cell suspension with varying degrees of differentiation 
(Figure 1-A). After culture for 24 h and the medium was 
changed, the BMSCs cells were already adherent and started 
spreading. HSCs and other suspended growth cells were 
removed with the liquid because they failed to adhere to the 
membrane (Figure 1-B). After culture for 48 h, most of the 
adherent cells were round, a few adherent with cytoplasmic 
processes. After 72 h, the cells began to proliferate and the 
cell morphology was changed. They appeared fusiform, 
triangular or irregular, medium size round/oval cells and 
small round cells, fibrous cells and dendritic cells were 
scattered (Figure 1-C). Medium was changed and the cells 
were cultured for 6-7 d, cells gradually formed dispersed 
cells colonies, most of them appeared fibroblast morphology, 
which was called fibroblast colony. After 10-12 d, the cells 
colonies formed a monolayer, 80% to 85% cells covered 
bottom, the distribution of cells were uneven. Cells of 
clusters center had high cellularity and almost no interspace 
(Figure 1-D), peripheral cells were in radiation distribution; 
cell density was decreased. It should be passaged in time, 
otherwise the cells would rapidly aging.
3.1.1. Subculture
  New passaged cells were round with good refraction, after 
2-4 h inoculation, the cells adherented rapidly and stretched 
to regain fusiform, after 10 h the cells finished adhesive 
growth and no longer colony-like and with single shapes. 
After 4-5 d cells covered the bottom and the dividing 
cells (Figure 2-A). There was no significant difference in 
morphology and growth rate between the P2, P3, P4 cells and 
P1 cells. Due to cell mass proliferation, many cells did not 
have enough time to move to the nearby areas, they formed 
into multiple cell clones (Figure 2-E). Clustered cloning 
center cells were density, but perivascular cells were 
relatively rare. After HE staining, cells were observed under 
light microscope, they were mostly in fusiform and polygon, 
and there were a number of different sizes and a longer or 
shorter well-connected processes. Cytoplasm was in light 
red color, round-oval nuclei with deeper stain. There was 
a number of purple nucleolus with loose chromatin and 
common split-phase (Figure 3-A, B). Many cell clones 
clusters were clearly distributed in the visual field, cell 
division and proliferation were active (Figure 3-C). P3, P4 
cells which cover the bottom with single shapes (Figure 2-C, 
D). After further culture for 10 generations, cells gradually 
showed a declining trend, such as the sizes of cell bodies 
increased and the cytoplasm was thin. Intracellular granular 
substances were gradually increased, vacuoles appeared in 
some regions. The cell growth rate was gradually reduced 
with less division phase, passage time were prolonged and 
after 30d did not cover the bottom (Figure 2-F).
3.1.2. Induce differentiation
  P2 cells were fibroblasts and proliferated quickly. 
Compared with the P2 cells, the proliferation rate of A2 cells 
in the induction medium was lower. After 6-7 d the cells 
formed a moaolayer, shaped in spindle or in polygon (Figure 
4-A, B). With the incubation time, the cells were proliferated 
and gradually formed multi layer growth. Cell morphology 
of high-density areas gradually were transformed into 
osteoblasts, the secretion of extracellular matrix was 
increased and wrapped cell. After 10-12 d, there were 
more scattered dense round pellets which could increases 
gradually. The peri-region of the pellets intensively 
distributed and the outline of cells was blurry, the central 
region was gradually changed to darker and with low light 
transmittance, formed significantly calcified nodules (Figure 
4-C). After alizarin red staining, the dense round opaque 
pellets showed flaky brown (red) stained and significantly 
positive reaction (Figure 4-D). There were no significantly 
calcified nodules in P2 cells after cultured for 14 days.
 
Figure 1. Primary cultures of rat BMSCs (伊100).
A. After seeding for 1 h, there were a lot of HSCs and all series’ cells 
blood cell suspension with varying degrees of differentiation;
B. After culture for 24 h and the medium changed, the BMSCs cells 
were already adherent and started spreading, the HSCs and other 
suspended growth cells were removed;
C. After 72 h, there were fusiform, dendritic, triangular or irregular, 
round/oval cells scattered;
D. After 10 d, most of them appeared fibroblast morphology and 
covered bottom.
Lu Lu et al./Asian Pacific Journal of Tropical Medicine (2014)344-351 347
 
Figure 2. Subcultured rat BMSCs (伊100).
A.P1 cells after 4 d. Spindle shaped fibroblast cells covered the 
bottom and there was dividing cells;
B.P2 cells morphology after 4d;
C.P3 cells morphology after 3d;
D.P4 cells morphology after 3d;
E.BMSCs clones appeared during the process of P4 cell culture;
F.After 30 d of P10 cell culture, the sizes of cell bodies were increased, 
intracellular granular substances were gradually increased and vacuoles 
appeared in some regions. The cell growth rate was reduced. 
 
Figure 3. P4 cell after culture for 3 d, HE staining.
A. Cloning cells clusters were very clear.  (伊100);
B. Cloning cluster (伊400);
C. There were dual-core cells and the cytoplasm remains undivided (伊400).
3.2. Microarray hybridization signal analysis and quality 
control standards
  Ubiquitin, phospholipase A2, 毩-tubulin, 毬-actin and 
G3PDH as housekeeping genes could be used as general 
positive control. Of the four scan results in this experiment 
(Figure 5A-D), 8 out of 9 housekeeping genes in each film 
couldbe observed by the naked eye (signal value was greater 
than 10), the corresponding signal strength value variation 
of two film samples was not more than 50% of the average 
value. Four membrane positive detection rates were as 
follows: P0 was 94.7%, P2 was 93.8%, P3 was 97.8%, A2 was 
98.6%. The results showed that our microarray experimental 
systems met the quality control standards.
 
Figure 4. Subcultured cells in the induction medium (伊100).
A.After culture for 4 d, the cells were shaped in spindle or in polygon; 
B.After 6 d the cells formed a moaolayer, cell morphology gradually 
transformed into osteoblasts;
C.After 12 d of the culture, there were scattered dense round pellets 
which formed calcified nodules;
D.After alizarin red staining, the calcified nodules showed flaky brown 
(red) stained and significantly positive reaction.
3.3. BMSCs subculture gene expression profiles comparison 
and differential gene analysis
3.3.1 BMSCs subculture gene expression profiles
  Gene microarray which contained 1 176 rat genes was 
used in primary P0 cells and P2, P3 cells gene expression 
profiling. In P0 and P2 cells samples, 1 070 effective genes 
were screened (signal value was greater than 2), accounting 
for 91.0% of the total genes; In P0 and P3 cells samples, 1 065 
effective genes were screened, accounting for 90.6% of the 
total genes; In P2 and P3 cells samples, 1 060 effective genes 
were screened, accounting for 90.1% of the total genes; In the 
effective genes of these  three pairs, there were 9.2%, 9.8% 
and 4.2% gene changes more than three times respectively.
 
Figure 5. Microarray hybridization signal scan results.
A.P0 cell scanning map;
B.P2 cell scanning map;
C.P3 cell scanning map;
D.A2 cell scanning map;
Note: “↑” is positioning mark, △: housekeeping gene, A-F area: rat 
gene (1 176).
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Table 1
Number of the gene expression differences in each samples after cells 
passage (>more than three times).
Samples Genes with decreased 
expression
Genes with increased 
expression
P0 and P2 85 14
P0 and P3 51 53
P2 and P3 4 40
  In addition, the gene expression differences after cells 
passage were also reflected in the gene types from P0 to 
P2 between P0 to P3. In P3 cells expression significantly 
decreased 51 genes, there were 39 genes decreased 
significantly in P2, and 12 genes without significant change; 
While in P3 cells significantly increased 53 genes, there 
were 7 genes also increased significantly in P2, and the rest 
without significant change (Table 1).
  The correlation coefficient analysis of expression profile of 
different generations cell samples showed that the closer to 
1, the higher similarity of the gene expression between two 
groups. The results further indicated that there was a certain 
degree of variation of the gene expression profiles between 
the different generation cells (Figure 6).
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Figure 6. Primary culture and subculture scatter of BMSCs gene 
expression.
A.P2 cells and primary cells; B.P3 cells and primary cells; C.P3 cells 
and P2 cells.
3.3.2. BMSCs subculture different expression gene
  From P0 to P2 generation ,the up-regulated expression 
genes accounted for 1.3% (14/1 070), down-regulated 
expression genes accounted for 7.9% (85/1 070)of the effective 
gene; To P3 generation, the up-regulated expression genes 
accounted for 5.0% (53/1 065), down-regulated expression 
genes accounted for 4.8% (51/1 065). And the common down-
regulated gene of P2 and P3 were more than 3.6% (39/1 070), 
common up-regulated genes were more than 0.7% (7/1 070), 
so the upregulated or downregulated genes of P3 cells may 
be related to the passages.
  Part of the known gene name and differential expression 
ratios were listed in Figure 7 according to functional 
classification. Among these genes, including the 
extracellular matrix (ECM) and cell adhesion molecular 
(CAM), cell communication and signal transduction, 
membrane channels and cytoskeleton etc. The genes 
which involved in cell secretion and CAM synthetic were 
most upregulated, which indicated that after passage the 
contact between cells and cell-extracellular matrix was 
enhanced. Extracellular matrix could not only pass survive/
amplification signals, but also adhered growth factors, 
which was essential for BMSCs amplification, long-term 
maintenance and directed differentiation in vitro.
 
 
Figure 7. List of gene name with expression differences more than 3 
times during subculture.
3.4. Comparison of BMSCs induced differentiation gene 
expression profiles and differential gene analysis
  Gene microarray was used in primary cells and A2 cells 
(after induction), P2 and A2 cells gene expression profiling. 
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In P0 and A2 cells samples, 1 098 effective genes were 
screened (signal value was greater than 2), accounting for 
93.4% of the total genes; In P2 and A2 cells samples, 1 109 
effective genes were screened (signal value was greater than 
2), accounting for 94.3% of the total genes; In the effective 
genes of these two pairs, there were 24.3% and 27.7% gene 
changes more than three times respectively, which were 
much higher than the gene number of general subculture 
level (9.2%) and increased by about 4 times (Table 2). The 
correlation coefficient analysis of expression profile of 
this two generations cell samples showed that the Pearson 
correlation coefficient (毭
2
) of P0 and A2,P2 and A2 were 
much higher than the correlation coefficient 0.883 4 between 
P0 and P2 (Figure 8).
Table 2
Ratio and number of the gene expression differences in each samples 
after induction (>more than three times).
Samples
Genes with decreased 
expression
Genes with increased 
expression
P0 and A2 48 219
P2 and A2 22 285
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Figure 8. Induction and primary culture(subculture)scatter of BMSCs 
gene expression.
A.A2 cells and primary cells; B.A2 cells and P2 cells.
  This experiment showed that about 60% to 70% differentially 
expressed genes between two samples of P0 and A2, P2 
and A2 were the same. The common up-regulated genes 
were 167, common down-regulated genes were 18, the 
differentially expressed genes were higher than that of 
normal cell subculture (P0 and P2). 
  After the effect of inducers such as dexamethasone and 毬
-glycerol phosphate on bone marrow stromal cells, genes 
with changed expression levels in cells accounted for 27.7% 
of the total effective genes, which was much higher than 
the genes with changed expression levels in subcultured 
cells. We listed part of the known gene names with gene 
changes more than three times in Figure 9, which including 
six types of genes participation in gene expression or protein 
synthesis, modification and processing, transmembrane 
transport and vesicle trafficking, extracellular matrix 
and adhesion molecules, cell communication and signal 
transduction, cytoskeleton and metabolic. In which 120 
genes upregulated, 17 genes down-regulated.
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Figure 9. Gene with expression differences more than 3 times during 
cells induction.
  They were divided into six categories according to 
function.The different expressions were presented in bar 
graph.Black bar indicates genes participated in osteogenic 
differentiation. Gray bar represents the genes involved in 
protein synthesis and modification. The value is the amount 
of difference.
 
4. Discussion
4.1. Marrow stromal cells isolation and culture and passage
  Stromal cells content is very low in bone marrow, 
accounting for 0.001% to 0.01% of bone marrow nucleated 
cells[3]. It can be used as ideal experimental cells after 
isolated from hematopoietic cells and purified. The 
experimental results showed that our method is not only 
economical and practical, but also simple and easy to cell 
survival, which is an ideal method. It is considered that in 
the induction for multiple differentiations of bone marrow 
stromal cells and transplantation, it is better to choose cells 
within P4 generations.
4.2. Induction culture of marrow stromal cells
  In this experiment, we have adopted the osteogenic 
induction method of Kadiyala et al[4]. It is found that BMSCs 
can be induced into osteoblast and formed into bone tissue 
in the induction medium (containing dexamethasone, 毬
-glycerol phosphate and vitamin C). Vitamin C can induce 
ALP activity increase by inducing the osteoblast specific 
differentiation protein gene expression, meanwhile it can 
also increase the deposition of calcium and promote the 
formation of calcified nodules[5].毬-glycerophosphate can 
provide phosphorus atom for osteoblast differentiation and 
proliferation, it can also increased the ALP expression in 
osteoblasts thereby promoting the physiological calcium 
deposition and promoting calcification[6]. BMSCs which 
cultured in vitro can only form calcified nodules with 
dexamethasone[7], so dexamethasone is an essential 
component of BMSCs osteoblast in vitro. The experimentally 
observed that the passaged cells cultured in the induction 
medium adherent very quickly, most of the cells adherent 
2-4 h, which have a strong environmental adaptability and 
high inoculum survival, the passaged cells reached growth 
peak at 6-7 days. Therefore, when the BMSCs were induced 
into osteoblasts, it will not affect cell proliferation and can 
get a lot of cells quickly, thus provide additional donor 
source for bone tissue engineering.
4.3. Expression profiling analysis and gene expressions 
change during cells ‘ passage culture
  Cells passaged in vitro have some differences at the gene 
expression level after passaging, and the difference will 
increase with the passage number. The experiment found 
that some adhesion molecules and extracellular matrix 
genes such as axons associated adhesion molecules (AxCAM/
BIG-2, U35371), glial cell adhesion molecule (NrCAM, 
U81037), neural cell adhesion molecule (NCAM -L1, X59149) 
and Periaxin (Z29649) and other expression were significantly 
increased. That also indicated there is difference of 
expression profiles in some degree between cells of different 
generations. Except the selectively expressed of genes 
during cell culture, the differences maybe related that bone 
marrow stromal is the heterogeneous population of cells 
which composed of fibroblasts, endothelial cells, reticular 
cells, adipocytes, macrophages and other cells[8]. In addition, 
the different times to collect cells may also have certain 
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impact on the expression profiles of each generation of cells. 
Therefore, it is very difficult for BMSCs to maintaining its 
original state when long-term cultured in vitro. It is better to 
choose early cells for tissue engineering during induced in 
vitro. With the prolonged incubation time, the differences in 
gene expression will gradually increased and then affect cell 
phenotype.
4.4. Expression profiling analysis and gene expressions 
change during cell differentiation induction
  Studies suggest that after cell differentiation induction, 
the expression differences at gene level increased rapidly. 
Gene expression has a direct relation with the inducer. 
After treated with dexamethasone, 毬-glycerol phosphate 
and other inducer, the intracellular changes in genes 
expression accounted for 26.7% of the total valid genes of 
the bone marrow stromal cells, which is much higher than 
the number of changed gene expression in subculture. 
In those genes that related to bone marrow stromal cells 
induced differentiation, most of them were six types of genes 
which involved in gene expression or protein synthesis, 
modification and processing, transmembrane transport 
and vesicle trafficking, extracellular matrix and adhesion 
molecules, cell communication and signal transduction, 
cytoskeleton and metabolic function[10-14]. That showed 
after BMSCs stimulated by inducers, the expression of six 
genes were significantly up-regulated to meet the impact 
on cell shape, structure, function, survival, proliferation, 
differentiation and other vital phenomena. According to the 
existing research, it can be more accurately to analyze the 
dynamic spatial and temporal relationship between each 
gene expressions, so as to find the relevance between each 
gene expressions and some physiological and pathological 
function. Therefore, the application of microarray technology 
will help us to understand the entire genome information.
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